Introduction Epidemiologic evidence for an association between colorectal cancer
Introduction
It has been suggested that dietary fat intake is directly linked to an increased risk of colorectal cancer through mechanisms such as increased secretion of bile acids, which leads to irritation of the bowel wall and increased cellular turnover [1] . Fat is also the major component of energy-dense diets, contributing to obesity, which is linked to incidence of gastrointestinal cancers, such as colorectal, oesophageal and stomach cancer, as well as endometrial, prostate and postmenopausal breast cancers [2] .
However epidemiologic evidence directly linking dietary fat intake to colorectal cancer (CRC) is limited [2] [3] [4] , and evidence from prospective studies on the effects of total fat, saturated fat, monounsaturated fat (MUFA) and polyunsaturated fat (PUFA)
is inconsistent [5] [6] [7] . Previous studies have used food frequency questionnaires (FFQ) to assess diet, and data from FFQ may be subject to systematic measurement error according to participant age, sex and body mass index (BMI) [8] [9] [10] . Data from food diaries are more highly correlated with biomarker data [11] , and may be less prone to severe measurement error than data from FFQ [12] . Here we present results from a nested matched case-control study of the association between total dietary fat, saturated fat, MUFA and PUFA intakes and colorectal cancer risk, utilizing pooled standardized diet diary data from the MRC Centre for Nutritional Epidemiology in Cancer Protection and Survival (CNC) UK cohort consortium, which comprises seven cohorts and a total cohort size of 153,000 UK individuals.
Methods

Participants and data collection
The UK Dietary Cohort Consortium was established to investigate associations between dietary intake, assessed by prospective 4-7 day food diaries, and cancer risk.
The participating cohorts are EPIC-Norfolk, EPIC-Oxford, Guernsey Study, Medical
Reseach Council National Survey of Health and Development (MRC NSHD), Oxford
Vegetarian Study, the UK Women's Cohort Study (UKWCS) and Whitehall II, and the design, selection of controls, methods of pooling and standardization of dietary data have been described in detail elsewhere [13] . Briefly, CRC case status was defined using codes C18-20 from the 10th Revision of the International Statistical Classification of Diseases, Injuries and Causes of Death [14] . Case patients were individuals who were free of cancer (except non-melanoma skin cancer) at the time of diary completion and who developed colorectal cancer at least 12 months after the date of diary commencement and before the end of the study period. were administered prior to diary data collection, and were available for analysis from most participants in EPIC-Norfolk, EPIC-Oxford, UKWCS and Whitehall II ( Table 1 ).
The majority of data from the diet diaries were coded using the DINER/DINERMO system, although 51 of the 125 UKWCS diaries were coded and processed using DANTE [17] , and MRC NSHD diaries were coded and processed using DIDO [18] . In these studies the coding systems were compared with DINER in 100 diaries. Fat and energy measures did not differ significantly for DANTE, and their geometric means differed by 14% and 8% between DIDO and DINER; this was attributed to DIDO portion sizes being more appropriate for that study's timeframe.
Statistical analysis
Conditional logistic regression models were used to calculate odds ratios (ORs) and 95% confidence intervals (95% CI) for colorectal cancer according to sex- nonmanual; III-M = skilled occupations, manual; IV = partly skilled occupations; V = unskilled occupations), energy intake not from fat (MJ), fibre intake (g/day) and alcohol intake (g/day).
Food diary measurements of dietary intake are subject to within-person random error with respect to measuring long term intake, which results in attenuated OR estimates [19, 20] . When repeat food diary measurements are available, regression calibration can be used to correct the OR estimates associated with intake [19, 20] . We performed regression calibration using second 7-day food diaries available for 411
EPIC-Norfolk participants (130 cases, 281 controls). Let R1 and R2 denote two food diary measurements and T denote unobserved true intake. Under the classical measurement error assumption, Rj = T + ej ( j = 1, 2), where errors e j are uncorrelated with each other and with T. We fitted multivariate regression calibration models to
give corrected odds ratio estimates assuming classical measurement error in diary measurements of intakes of percent energy from fat (total fat, saturated fat, MUFA, PUFA), non-fat energy, fibre, and alcohol, and adjusting for anthropometric and sociodemographic variables [19, 20] .
Two-sided P values less than 0.05 were considered statistically significant.
Statistical analyses were done using Stata v.10 (StataCorp, Texas, USA) and R.
Results
579 CRC cases and 1996 matched controls were available for analysis (Table 1 ).
There were no statistically significant differences in the means or distributions of any participant characteristics between cases and controls except for mean PUFA intake, which was higher among cases (not shown). When stratified by intake of types of fat as determined by food diaries, those in the highest quintiles of intake were generally younger, and consumed on average more energy but less fibre than those in the lowest quintiles ( Table 2 ). Similar patterns were observed when stratifying by intake of types of fat determined by FFQ (not shown).
In age-adjusted analyses of risk of CRC, there was no clear evidence of an association between total fat intake and risk (Table 3) . Adjustment for anthropometry, diet, smoking, physical activity or sociodemographics did not alter these results (Table 3) . Similarly for intakes of saturated fat, MUFA and PUFA, age-adjusted analyses did not indicate an association between intake and CRC risk, and these results were not affected by further adjustment for anthropometry, diet, smoking, physical activity or sociodemographics (Table 3) . When the analyses were repeated using dietary data from FFQ, similar results were observed (Table 3) .
Multivariate regression calibration models were fitted using adjustments as in multivariable model 2 ( Table 3 ). The corrected ORs (95% CIs) for SD increases in percent energy from total fat, saturated fat, MUFA and PUFA, corresponding to the uncorrected ORs in Table 3 
Discussion
In this prospective study of 579 incident CRC cases and 1996 matched controls, we observed no associations between intakes of total dietary fat or types of fat and colorectal cancer, irrespective of whether dietary data were obtained by using food diaries or by FFQ.
Validation studies involving recovery biomarkers suggest that food diary measurements may be subject to systematic error that depends on true intake and person-specific errors [21] [22] [23] . A previous study suggests that by ignoring systematic error we may under-correct for the effects of measurement error [13] , hence the true ORs may be further from the null than suggested by the multivariate regression calibration which assumed classical measurement error.
Strengths of our study include its prospective design, which avoided the problems of recall bias and selection bias; standardized food diary data entry; the range of intake of fat; and the availability of repeated measurements which enabled use of regression calibration to correct for measurement error.
This study has limitations. While most food diary data were entered in the DINER processing program, some food diaries from UKWCS and all food diaries from MRC NSHD had previously been entered into other systems. Not all of the participating studies used 7-day food diaries, but 4-day diaries showed good agreement with longer diaries for averaged nutrient intakes in our data. Some of the participating cohorts recorded self-reported anthropometric data, while in other cohorts these data were recorded by trained interviewers. Each of these points may have introduced measurement error into our study.
Previous studies on total fat intake and CRC risk have found conflicting evidence of an association [3] [4] [5] [6] [7] 24] , and while the recent WCRF report concluded that 'foods containing animal fats' were possible causes of CRC [2] , this has been contested [25] . Evidence of associations between saturated fat, MUFA, PUFA, or PUFA subtypes such as n-3 or n-6 fatty acids, with CRC risk are similarly inconclusive [5] [6] [7] 26] . It is possible that an underlying association between dietary fat intake and CRC risk may be obscured by measurement error in dietary assessment, and there is evidence for this in breast cancer [27, 28] . However, our results using nutrient data derived from 4-7 day food diaries show no evidence of an association between dietary fat and CRC risk (Table 3) , and are thus in agreement with both our own results determined using FFQ data from the same participants (Table 3) , and with the recent WCRF/AICR report [2] .
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